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(§)  Nuclear  fuel  assembly  with  improved  spectral  shift  rods. 

The  invention  relates  to  a  nuclear  fuel  assembly  for  use  in 
a  nuclear  reactor  core  which  has  excess  reactivity  initially  de- 
signed  into  it. 

The  fuel  assembly  includes  means  for  controlling  the 
excess  reactivity,  comprising  at  least  one  hermetically  sealed 
tubular  member  (40)  containing  a  burnable  poison  (42)  which 
is  capable  of  generating  gas  under  reactor  operating  condi- 
tions  and  is  soluble  in  the  moderating  reactor  coolant,  the  tu- 
bular  member  (40)  having  a  wall  region  (50)  adapted  to  rupture, 
thereby  to  admit  reactor  coolant  to  the  burnable  poison  solu- 
ble  therein,  when  the  internal  pressure  of  the  tubular  member 
has  reached  a  predetermined  level. 

This  element  functions  as  a  spectral-shift  rod  capable  of 
shifting  at  the  proper  time  from  an  initial  low  reactivity  part  of 
the  neutron  spectrum  to  a  high  reactivity  part  thereof  without 
the  aid  of  any  special  means  extraneous  to  the  rod  itself. 



T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   n u c l e a r  

r e a c t o r s   and ,   more   p a r t i c u l a r l y ,   to  a  n u c l e a r   f u e l   a s s e m b l y  

t h e r e f o r .  

I t   i s   known  t h a t   t h e   f u e l   c y c l e   of  a  p r e s s u r i z e d  

w a t e r   r e a c t o r   (PWR)  can   be  e x t e n d e d   by  d e s i g n i n g   an  e x c e s -  

s i v e   a m o u n t   of  r e a c t i v i t y   i n t o   t h e   r e a c t o r   c o r e   a t   s t a r t - u p  

so  t h a t ,   as  t h e   r e a c t i v i t y   i s   d e p l e t e d   o v e r   t h e   l i f e   of  t h e  

c o r e ,   t h e r e   w i l l   s t i l l   be  s u f f i c i e n t   r e a c t i v i t y   l e f t   t o  

s u s t a i n   c o r e   o p e r a t i o n   f o r   an  e x t e n d e d   p e r i o d   of   t i m e .  

H o w e v e r ,   s i n c e   t h e r e   i s   an  e x c e s s   of  r e a c t i v i t y   a t   t h e  

b e g i n n i n g   of  c o r e   l i f e ,   s t e p s   mus t   be  t a k e n   a t   t h a t   t i m e   t o  

p r o p e r l y   c o n t r o l   i t .  

One  t e c h n i q u e   to  c o n t r o l   r e a c t i v i t y   i s   to   p r o d u c e  

an  i n i t i a l   s p e c t r a l   s h i f t   w h i c h   has   t h e   e f f e c t   of   i n c r e a s -  

i n g   t h e   e p i t h e r m a l   ( low  r e a c t i v i t y )   p a r t   of  t h e   n e u t r o n  

s p e c t r u m   a t   t h e   e x p e n s e   of  t h e   t h e r m a l   ( h i g h   r e a c t i v i t y )  

p a r t .   T h i s   r e s u l t s   in   p r o d u c t i o n   of  f e w e r   t h e r m a l   n e u t r o n s  

and  d e c r e a s e d   f i s s i o n .   Then ,   as  f i s s i o n   n a t u r a l l y   d e c r e a s -  

es  a f t e r   e x t e n d e d   r e a c t o r   o p e r a t i o n ,   a  r e v e r s e   s h i f t   b a c k  

to  t h e   t h e r m a l   p a r t   of  t h e   n e u t r o n   s p e c t r u m   a t   t h e   e x p e n s e  
of  t h e   e i p t h e r m a l   p a r t   i s   u n d e r t a k e n .   Such  c o n t r o l   t e c h -  

n i q u e   i s   p r i m a r i l y   a c c o m p l i s h e d   t h r o u g h   t h e   u s e   of  d i s -  

p l a c e r   r o d s .   As  t h e   name  i m p l i e s ,   t h e s e   r o d s   a r e   p l a c e d   i n  

t h e   c o r e   to  i n i t i a l l y   d i s p l a c e   some  of  t h e   m o d e r a t o r   w a t e r  

t h e r e i n ,   t h e r e b y   to  d e c r e a s e   t h e   r e a c t i v i t y .   T h e n ,   a t   s o m e  

p o i n t   d u r i n g   t h e   c o r e   c y c l e   as  r e a c t i v i t y   i s   c o n s u m e d ,   t h e  



d i s p l a c e m e n t   a s s o c i a t e d   w i t h   t h e s e   r o d s   i s   r e m o v e d   f rom  t h e  

c o r e   so  t h a t   t h e   a m o u n t   of  m o d e r a t i o n   and  t h e r e w i t h   t h e  

l e v e l   of  r e a c t i v i t y   in  t h e   c o r e   a r e   i n c r e a s e d .  

One  a p p r o a c h   c o n s i d e r e d   f o r   r e m o v i n g   t h i s   d i s -  

p l a c e m e n t   i s   t h r o u g h   t h e   u se   of  a  m e c h a n i s m   s i m i l a r   t o  

t h o s e   a s s o c i a t e d   w i t h   c o n t r o l   r o d s ,   or  of  a  d r i v e   m e c h a n i s m  

s u c h   as  d e s c r i b e d   in   U.S .   p a t e n t   s p e c i f i c a t i o n   N o .  

4 , 4 3 2 , 9 3 4 ,   w h i c h   i s   o p e r a t e d   a t   t h e   g i v e n   t i m e   to  w i t h d r a w  

t h e   d i s p l a c e r   r o d s .  

A n o t h e r   a p p r o a c h   c o n t e m p l a t e d   f o r   r e m o v i n g   t h e  

d i s p l a c e m e n t   i s   to  have   m e m b r a n e s   p r o v i d e d   on  t h e   e n d s   o f  

t h e   d i s p l a c e r   r o d s   and  a d a p t e d   to   be  p e n e t r a t e d   a t   s o m e  

p o i n t   in   t i m e   to  a l l o w   t h e   r o d s   to  be  f i l l e d   w i t h   w a t e r .   A 

s m a l l   h e a t i n g   e l e m e n t   s u r r o u n d i n g   a  s p e c i a l l y   i n d e n t e d   e n d  

cap  on  t h e   h o l l o w   d i s p l a c e r   rod   i s   e n e r g i z e d   a t   t h e   a p p r o -  

p r i a t e   t i m e ,   and  t h e   h e a t   g e n e r a t e d   t h e r e b y   w e a k e n s   t h e  

i n d e n t e d   p a r t   of  t h e   end  cap  to  an  e x t e n t   e n a b l i n g   t h e  

e x t e r n a l   w a t e r   p r e s s u r e   to  r u p t u r e   t h e   end  cap   and  t h u s   t h e  

rod   to   become   f i l l e d   w i t h   w a t e r .  

A  f u r t h e r   a p p r o a c h   u s e d   to  r e m o v e   m o d e r a t o r  

d i s p l a c e m e n t   i s   to  u s e ,   as  d i s p l a c e r   r o d s ,   r o d s   w h i c h   a r e  

f i l l e d   w i t h   a  s u i t a b l e   g a s ,   such   as  h e l i u m ,   and  d e s i g n e d   t o  

l o n g i t u d i n a l l y   e x p a n d   as  t h e   i n t e r n a l   gas   p r e s s u r e   i n c r e a s -  

es  w i t h   p r o g r e s s i n g   r e a c t o r   o p e r a t i o n .   When  t h e   rod   h a s  

b e c o m e   e l o n g a t e d   e n o u g h   to  move  a g a i n s t   a  s p i k e   on  t h e  

a d j a c e n t   p o r t i o n   of  t h e   t o p   n o z z l e ,   t h e   s p i k e   w i l l   p i e r c e  

t h e   end  p l u g   of  t h e   rod   and  t h u s   p e r m i t   t h e   rod   to  b e c o m e  

f i l l e d   w i t h   w a t e r .   T h i s   a p p r o a c h   i s   d e s c r i b e d   in   U . S .  

p a t e n t   s p e c i f i c a t i o n   No.  4 , 3 7 1 , 4 9 5 .  

I t   i s   t h e   p r i n c i p a l   o b j e c t   of  t h e   i n v e n t i o n   t o  

p r o v i d e   a  s i m p l e r   and  l e s s   c o s t l y   way  of  r e m o v i n g   m o d e r a t o r  

d i s p l a c e m e n t ,   one  w h i c h   a l s o   can  be  t a i l o r e d   to   t a k e   e f f e c t  

a t   t h e   d e s i r e d   t i m e   d u r i n g   t h e   c o r e   c y c l e .  

A c c o r d i n g l y ,   t h e   i n v e n t i o n   r e s i d e s   in   a  n u c l e a r  

f u e l   a s s e m b l y   f o r   u se   in   a  n u c l e a r   r e a c t o r   c o r e   w h i c h   h a s  

e x c e s s   r e a c t i v i t y   i n i t i a l l y   d e s i g n e d   i n t o   i t   and  h a s  



m o d e r a t o r / c o o l a n t   l i q u i d   f l o w i n g   t h e r e t h r o u g h   when  i n  

o p e r a t i o n ,   s a i d   f u e l   a s s e m b l y   i n c l u d i n g   means   f o r   c o n t r o l -  

l i n g   t h e   e x c e s s   r e a c t i v i t y ,   c h a r a c t e r i z e d   in   t h a t   s a i d  

means   c o m p r i s e s   a t   l e a s t   one  s p e c t r a l - s h i f t  r o d   in   t h e  

form  of  a  h e r m e t i c a l l y   s e a l e d   t u b u l a r   m e m b e r  c o n t a i n -  

i n g   a  b u r n a b l e   p o i s o n   m a t e r i a l   w h i c h   g e n e r a t e s   g a s  

when  e x p o s e d   to   t h e   o p e r a t i n g   c o n d i t i o n s   e x i s t i n g   in   t h e  

r e a c t o r   c o r e   and  w h i c h   m a t e r i a l   i s   s o l u b l e   in   s a i d  

m o d e r a t o r / c o o l a n t   l i q u i d ,   and  w h i c h   t u b u l a r   member   h a s  

a  w a l l   r e g i o n   a d a p t e d   to  r u p t u r e   a t   a  p r e d e t e r m i n e d  

l e v e l   of  gas   p r e s s u r e   w i t h i n   t h e   t u b u l a r   member ,   t h e r e b y   t o  

e n a b l e   t h e   m o d e r a t o r / c o o l a n t   l i q u i d   to  come  i n t o   c o n t a c t  

w i t h   t h e   b u r n a b l e   p o i s o n   m a t e r i a l   t h e r e i n .  

T h u s ,   and  u n l i k e   t h e   e a r l i e r   a p p r o a c h e s   w h i c h  

r e l y   upon   t h e   u se   of  some  s p e c i a l   means   in   r e m o v i n g   m o d e r a -  

t o r   d i s p l a c e m e n t ,   t h e   i n v e n t i o n   i s   u t i l i z i n g   t h e   i n t e r a c -  

t i o n   b e t w e e n   two  c o m p o n e n t   p a r t s   of  t h e   s p e c t r a l - s h i f t   r o d  

i t s e l f ,   n a m e l y ,   t h e   b u r n a b l e   p o i s o n  m a t e r i a l ,   e . g . ,   a  b o r o n  

s u b s t a n c e   t h e r e i n   in   a  fo rm  c a p a b l e   of  e v o l v i n g   gas   a n d  

s o l u b l e   in   t h e   m o d e r a t o r / c o o l a n t   l i q u i d ,   and  t h e   w a l l  

r e g i o n   of  t h e   rod   w h i c h   i s   d e s i g n e d   to  r u p t u r e   when  a  g i v e n  

i n t e r n a l   p r e s s u r e   l e v e l   i s   r e a c h e d .  

The  s p e c t r a l - s h i f t   rod   e m b o d y i n g   t h e   p r e s e n t  

i n v e n t i o n   can   be  r e a d i l y   t a i l o r e d   to  m a t c h   t h e   p a r t i c u l a r  

c o n d i t i o n s   p r e v a i l i n g   in   t h e   f u e l   a s s e m b l y   when  in   u s e .  

For   i n s t a n c e ,   by  v a r y i n g   t h e   i n i t i a l   i n t e r n a l   p r e s s u r e s   o f  

r o d s   w i t h i n   d i f f e r e n t   g r o u p s   in   t h e   f u e l   a s s e m b l i e s   of  a  

c o r e ,   one  c o u l d   h a v e   t h e   d i f f e r e n t   g r o u p s   of  r o d s   r u p t u r e  

a t   d i f f e r e n t   t i m e s   d u r i n g   t h e   c o r e   c y c l e   so  t h a t   r e m o v a l   o f  

w a t e r   d i s p l a c e m e n t   w o u l d   be  p h a s e d - i n   in   i n c r e m e n t s .   T h e  

same  r e s u l t ,   t h a t   i s ,   i n c r e m e n t a l   r e m o v a l   of  d i s p l a c e m e n t ,  

can   a l s o   be  a c h i e v e d   by  v a r y i n g   t h e   p l e n u m   v o l u m e   o f  

d i f f e r e n t   g r o u p s   of  t h e   r o d s .   In  s h o r t ,   by  p r o p e r l y  

v a r y i n g   t h e s e   two  p a r a m e t e r s   --   i n i t i a l   i n t e r n a l   p r e s s u r e  
and  p l e n u m   v o l u m e   - -   of  t h e   r o d s ,   i t   i s   p o s s i b l e   to  i n t r o -  

duce   m o d e r a t o r / c o o l a n t   w a t e r ,   t h e r e b y   to  i n c r e a s e   t h e  

r e a c t i v i t y ,   as  d e s i r e d   d u r i n g   t h e   c o r e   o p e r a t i n g   c y c l e .  



P r e f e r r e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d ,   by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g .   1  i s   an  e l e v a t i o n a l   v i e w ,   p a r t l y   in   s e c t i o n ,  

of  a  n u c l e a r   f u e l   a s s e m b l y   shown  in  v e r t i c a l l y   f o r e s h o r t -  

e n e d   fo rm  and  w i t h   p a r t s   b r o k e n   away  f o r   c l a r i t y ;  

F i g .   2  i s   an  e n l a r g e d ,   v e r t i c a l l y   f o r e s h o r t e n e d ,  

s e c t i o n a l   v i e w   of  a  s p e c t r a l - s h i f t   rod   e m b o d y i n g   t h e  

i n v e n t i o n   and  shown  as  i t   i s   p r i o r   to  r u p t u r e ;  

F i g .   3  i s   a  v i e w   s i m i l a r   to  F i g .   2  b u t   s h o w i n g  

t h e   rod   a f t e r   r u p t u r e   of  t h e   w e a k e n e d   p o r t i o n   and  f i l l i n g  

of  t h e   r o d ;   a n d  

F i g .   4  i s   a n o t h e r   v i ew   s i m i l a r   to  F i g .   2  b u t  

s h o w i n g   t h e   rod   d i s p o s e d   in   one  of  t h e   c o n t r o l   r o d   g u i d e  

t h i m b l e s   of  t h e   f u e l   a s s e m b l y .  

In  t h e   f o l l o w i n g   d e s c r i p t i o n ,   l i k e   r e f e r e n c e  

c h a r a c t e r s   d e s i g n a t e   l i k e   or  c o r r e s p o n d i n g   p a r t s   t h r o u g h o u t  

t h e   s e v e r a l   v i e w s   of  t h e   d r a w i n g s ,   and  t e r m s   s u c h   a s  

" f o r w a r d " ,   " r e a r w a r d " ,   " l e f t " ,   " r i g h t " ,   " u p w a r d l y " ,   " d o w n -  

w a r d l y " ,   and  t h e   l i k e   a r e   u s e d   as  w o r d s   of  c o n v e n i e n c e   n o t  

to  be  c o n s t r u e d   as  l i m i t i n g   t e r m s .  

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   and  p a r t i c u l a r l y  

to  F i g .   1,  t h e   f u e l   a s s e m b l y   i l l u s t r a t e d   t h e r e i n   a n d  

g e n e r a l l y   d e s i g n a t e d   w i t h   n u m e r a l   10  i s   t h e   t y p e   u s e d   i n  

p r e s s u r i z e d   w a t e r   r e a c t o r s   (PWR).  B a s i c a l l y ,   i t   c o m p r i s e s  

a  l o w e r   end  s t r u c t u r e   or  b o t t o m   n o z z l e   12  f o r   s u p p o r t i n g  

t h e   a s s e m b l y   on  t he   l o w e r   c o r e   p l a t e   ( n o t   shown)   in   t h e  

c o r e   r e g i o n   of  a  r e a c t o r   ( n o t   s h o w n ) ;   a  p l u r a l i t y   of  g u i d e  

t u b e s   or  t h i m b l e s   14  p r o j e c t i n g   u p w a r d   f rom  t h e   b o t t o m  

n o z z l e   12;  a  p l u r a l i t y   of  t r a n s v e r s e   g r i d s   16  a x i a l l y  

s p a c e d   a l o n g   t h e   g u i d e   t h i m b l e s   14;  an  o r g a n i z e d   a r r a y   o f  

e l o n g a t e   f u e l   r o d s   18  t r a n s v e r s e l y   s p a c e d   and  s u p p o r t e d   b y  

t h e   g r i d s   16;  an  i n s t r u m e n t a t i o n   t u b e   20;  and  an  u p p e r   e n d  

s t r u c t u r e   or  top   n o z z l e   22  a t t a c h e d   to  t h e   u p p e r   e n d s   o f  

t h e   g u i d e   t h i m b l e s   1 4 .  

Each   of  t h e   f u e l   r o d s   18  c o n t a i n s   n u c l e a r   f u e l  

p e l l e t s   24,  and  i t s   o p p o s i t e   e n d s   a r e   s e a l e d   by  means   o f  



end  p l u g s   26  and  28.  As  w e l l   known  in  t h e   a r t ,   t h e   f u e l  

p e l l e t s   24  c o m p o s e d   of  f i s s i l e   m a t e r i a l   a r e   t h e   s o u r c e   o f  

t h e   r e a c t i v e   p o w e r   p r o d u c e d   by  t h e   PWR,  and  a  l i q u i d  

m o d e r a t o r / c o o l a n t ,   s u c h   as  w a t e r   w i t h   or  w i t h o u t   b o r o n  

t h e r e i n ,   i s   pumped   u p w a r d   t h r o u g h   t h e   f u e l   a s s e m b l i e s   o f  

t h e   c o r e   to  e x t r a c t   t h e r e f r o m   h e a t   f o r   t h e   p r o d u c t i o n   o f  

u s e f u l   w o r k .  

The  f i s s i o n   p r o c e s s   i s   c o n t r o l l e d   by  means   o f  

c o n t r o l   r o d s   30  w h i c h   a r e   r e c i p r o c a l l y   m o v a b l e   in   t h e   g u i d e  

t h i m b l e s   14  l o c a t e d   a t   p r e d e t e r m i n e d   p o s i t i o n s   in   t h e   f u e l  

a s s e m b l y   10.  The  c o n t r o l   r o d s   a r e   moved  by  means   of  a  r o d  

c l u s t e r   c o n t r o l   m e c h a n i s m   32  d i s p o s e d   in   t h e   t o p   n o z z l e   22  

and  h a v i n g   an  i n t e r n a l l y   t h r e a d e d   c y l i n d r i c a l   member   3 4  

w i t h   a  p l u r a l i t y   of  r a d i a l l y   e x t e n d i n g   f l u k e s   or  arms  3 6  

e a c h   of  w h i c h   h a s   a  c o n t r o l   rod   30  c o n n e c t e d   t h e r e t o ,   a l l  

as  w e l l   known  in   t h e   a r t .  

As  i n i t i a l l y   e x p l a i n e d   h e r e i n ,   i t   i s   c u s t o m a r y   t o  

p r o l o n g   t h e   l i f e   of  t h e   r e a c t o r   c o r e   of  a  PWR  by  d e s i g n i n g  

i n t o   t h e   c o r e   an  e x c e s s   of  r e a c t i v i t y   w h i c h   m u s t   be  r e d u c e d  

a t   t h e   e a r l y   s t a g e   of  t h e   c o r e   c y c l e   and  i s   i n c r e a s e d   l a t e r  

o n .  

The  i n v e n t i o n   p r o v i d e s   a  s p e c t r a l - s h i f t   r od   3 8  

f o r   c o n t r o l l i n g   e x c e s s   r e a c t i v i t y .   On ly   one  s u c h   rod   38  i s  

i n d i c a t e d   in   F i g .   1  b u t   o r d i n a r i l y   t h e r e   w i l l   be  s e v e r a l  

r o d s   of  t h i s   t y p e   in   t h e   f u e l   a s s e m b l y   10.  As  b e s t   s e e n  
f rom  F i g .   2,  t h e   s p e c t r a l - s h i f t   r od   38  c o m p r i s e s   a  h e r m e t i -  

c a l l y   s e a l e d   t u b u l a r   member   40  c o n t a i n i n g   a  b u r n a b l e   p o i s o n  

m a t e r i a l   42  w h i c h   p r e f e r a b l y   i s   a  b o r o n   s u b s t a n c e ,   e . g .  

B 2 O 3 ,  H 3 B O 3  ( b o r i c   a c i d ) ,   L i 2 B 4 O 7 '   LiBO2,  or  K2B4O7 ,  and  i s  

s o l u b l e   in   m o d e r a t o r / c o o l a n t   l i q u i d .   The  b o r o n   s u b s t a n c e  

may  be  in   l i q u i d   f o r m ,   s u c h   as  b o r i c   a c i d   s o l u t i o n ,   or  i t  

may  be  a  s o l i d   in   t h e   fo rm  of  a  l o o s e   or  c o m p a c t e d   o r  

h i g h - d e n s i t y   c o m p a c t e d   and  s i n t e r e d   p o w d e r .  

The  t u b u l a r   member   40  c o m p r i s e s   a  t u b e   44  and  a  

p a i r   of  end  p l u g s   46,  48  s e a l i n g   i t s   o p p o s i t e   e n d s ,   b o t h  

t h e   t u b e   and  t h e   end  p l u g s   b e i n g   made  of  a  s u i t a b l e   m a t e r i -  

a l ,   s u c h   as  a  z i r c o n i u m - b a s e d   a l l o y .   The  t u b u l a r   member   4 0  



h a s   a  w e a k e n e d   r e g i o n   w h i c h   i s   s u b j e c t   to   r u p t u r e   a t   a  

g i v e n   l e v e l   of  i n t e r n a l   p r e s s u r e   r e s u l t i n g   as  gas   e v o l v e s  

f rom  t h e   p o i s o n   m a t e r i a l   w i t h i n   t h e   t u b u l a r   m e m b e r .  

A l t h o u g h   t h e   w e a k e n e d   r e g i o n   can   be  l o c a t e d   a t   v a r i o u s  

p l a c e s   on  t h e   t u b u l a r   member ,   p r e f e r a b l y   i t   t a k e s - - t h e   f o r m  

of  a  t h i n n e d   d i s c - l i k e   p o r t i o n   50  f o r m e d   in   t h e   c e n t e r   o f  

t h e   l o w e r   end  p l u g   4 8 .  

In  t h i s   c o n d i t i o n ,   t h e   s p e c t r a l - s h i f t   rod   38  w i l l  

i n i t i a l l y   a c t   as  a  f i x e d   b u r n a b l e   n e u t r o n   a b s o r b e r   c a p a b l e  

of   c o n t r o l l i n g   e x c e s s   r e a c t i v i t y   in   t h a t   t h e   w a t e r - s o l u b l e  

b o r o n   m a t e r i a l   42  w i t h i n   t h e   t u b e   44  w i l l   i n i t i a l l y   d e p r e s s  

p o w e r   by  a b s o r b i n g   n e u t r o n s .   H o w e v e r ,   as  t h e   b o r o n   i s  

a b s o r b i n g   n e u t r o n s ,   i t   t r a n s m u t e s   i n t o   l i t h i u m   and  h e l i u m  

g a s ,   and  t h e   h e l i u m   gas  t h u s   g e n e r a t e d   c a u s e s   t h e   i n t e r n a l  

p r e s s u r e   of  t h e   rod   to  r i s e   ( e . g .   f rom  a  l e v e l   of  l e s s   t h a n  

a b o u t   80  a t m o s p h e r e s   a t   room  t e m p e r a t u r e )   u n t i l   e v e n t u a l l y  

i t   e x c e e d s   t h e   r u p t u r e   s t r e n g t h   of  t h e   t h i n n e d   d i s c - l i k e  

p o r t i o n   50,  t h e r e b y   c a u s i n g   t h e   l a t t e r   to  r u p t u r e ,   as  s h o w n  

in   F i g .   3.  Wi th   t he   t h i n n e d   p o r t i o n   50  now  b r o k e n ,  

m o d e r a t o r / c o o l a n t   w a t e r   can   e n t e r   t h e   t u b e   44  and  g r a d u a l l y  

d i s s o l v e   t h e   b o r o n   m a t e r i a l   42  t h e r e i n   u n t i l   e v e n t u a l l y   t h e  

w h o l e   rod   i s   f i l l e d   w i t h   m o d e r a t o r   w a t e r ,   l i k e w i s e   a s  

d e p i c t e d   in   F i g .   3.  T h u s ,   r u p t u r e   of  t h e   w e a k e n e d   r o d  

r e g i o n   50  and  t h e   c o n s e q u e n t i a l   d i s s o l u t i o n   of  t h e  

n e u t r o n - a b s o r b i n g   p o i s o n   in   t h e   m o d e r a t o r   w a t e r   r e s u l t   in   a  

s p e c t r a l   s h i f t   t o w a r d   i n c r e a s e d   n e u t r o n   m o d e r a t i o n   a n d ,  

h e n c e ,   u t i l i z a t i o n   of  t h e   e x t r a   r e a c t i v i t y   i n i t i a l l y  

d e s i g n e d   i n t o   t he   f u e l   a s s e m b l y .  

F i g .   4  m e r e l y   i l l u s t r a t e s   t h e   d i s p o s i t i o n   of  t h e  

s p e c t r a l - s h i f t   r o d   38  in   one  of  t h e   g u i d e   t h i m b l e s   14  i n  

p l a c e   of  a  c o n t r o l   r o d .   I t   c o u l d   be  c o n n e c t e d   to  one  o f  

t h e   arms  36  of  t h e   c o n t r o l   m e c h a n i s m   3 2 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   s p e c t r a l   s h i f t  

rod   38  can   be  t a i l o r e d ,   as  d e s i r e d ,   to  m a t c h   t h e   p a r t i c u l a r  

c o n d i t i o n s   p r e v a i l i n g   in   t h e   f u e l   a s s e m b l y .   For   i n s t a n c e ,  

t h e   rod   can   be  d e s i g n e d   to  r u p t u r e   a t   t h e   d e s i r e d   t i m e  

d u r i n g   t h e   c o r e   o p e r a t i n g   c y c l e   by  v a r y i n g   t h e   p l e n u m  



v o l u m e   of  t h e   rod   a n d / o r   by  v a r y i n g   t h e   i n t i t i a l  i n t e r n a l  

p r e s s u r e   w i t h i n   d i f f e r e n t   o n e s   of  t h e   r o d s .   By  p r o p e r l y  

v a r y i n g   t h e s e   two  p a r a m e t e r s ,   i t   i s   p o s s i b l e   to   add  m o d e r a -  

t o r   w a t e r   w h i c h   i n c r e a s e s   r e a c t i v i t y   as  d e s i r e d   d u r i n g   t h e  

c y c l e .   For   e x a m p l e ,   i t   w o u l d   be  p o s s i b l e   to  h a v e   25%  o f  

t h e   s p e c t r a l   s h i f t   r o d s   r u p t u r e   40%  t h r o u g h   t h e   c y c l e ,   35% 

of  t h e   r o d s   r u p t u r e   a p p r o x i m a t e l y   60%  t h r o u g h   t h e   c y c l e ,  

and  t h e   r e m a i n i n g   40%  of  t h e   r o d s   r u p t u r e   a t   a b o u t   80% 

t h r o u g h   t h e   c y c l e .   A l t h o u g h   t h e r e   w o u l d   be  some  u n c e r -  

t a i n t y   as  to  t h e   p r o c e s s   t i m e   when  r u p t u r e   w o u l d   o c c u r ,   t h e  

p r e c i s e   t i m e   i s   n o t   too   c r i t i c a l   s i n c e   t h e r e   w o u l d   b e  

s t a t i s t i c a l   v a r i a t i o n   so  t h a t   r e l a t i v e l y   s m a l l   r e a c t i v i t y  

c h a n g e s   can   e a s i l y   be  a c c o m m o d a t e d   by  c o n t r o l   rod   m o v e m e n t s  

or   c h a n g e s   in   c o o l a n t   b o r o n   c o n c e n t r a t i o n   or  f l o w .  



1.  A  n u c l e a r   f u e l   a s s e m b l y   f o r   u se   in   a  n u c l e a r  

r e a c t o r   c o r e   w h i c h   has   e x c e s s   r e a c t i v i t y   i n i t i a l l y   d e s i g n e d  

i n t o   i t   and  has   m o d e r a t o r / c o o l a n t   l i q u i d   f l o w i n g   t h e r e -  

t h r o u g h   when  in   o p e r a t i o n ,   s a i d   f u e l   a s s e m b l y   i n c l u d i n g  

means   f o r   c o n t r o l l i n g   t h e   e x c e s s   r e a c t i v i t y ,   c h a r a c t e r i z e d  

in   t h a t   s a i d   means   c o m p r i s e s   a t   l e a s t   one  s p e c t r a l - s h i f t  

rod   (38)   in  t h e   fo rm  of  a  h e r m e t i c a l l y   s e a l e d   t u b u l a r  

member  (40)  c o n t a i n i n g   a  b u r n a b l e   p o i s o n   m a t e r i a l   ( 4 2 )  

w h i c h   g e n e r a t e s   gas   when  e x p o s e d   to  t h e   o p e r a t i n g   c o n d i -  

t i o n s   e x i s t i n g   in   t h e   r e a c t o r   c o r e   and  w h i c h   m a t e r i a l   i s  

s o l u b l e   in   s a i d   m o d e r a t o r / c o o l a n t   l i q u i d ,   s a i d   t u b u l a r  

member  (40)   h a v i n g   a  w a l l   r e g i o n   (50)  a d a p t e d   to  r u p t u r e   a t  

a  p r e d e t e r m i n e d   l e v e l   of  gas  p r e s s u r e   w i t h i n   t h e   t u b u l a r  

member ,   t h e r e b y   to  e n a b l e   t h e   m o d e r a t o r / c o o l a n t   l i q u i d   t o  

come  i n t o   c o n t a c t   w i t h   t h e   b u r n a b l e   p o i s o n   m a t e r i a l  

t h e r e i n .  

2.  A  n u c l e a r   f u e l   a s s e m b l y   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   w a l l   r e g i o n   (50)   i s   an  e n d  

p o r t i o n   of  t h e   t u b u l a r   member  h a v i n g   a  r e d u c e d   w a l l  

t h i c k n e s s .  

3.  A  n u c l e a r   f u e l   a s s e m b l y   a c c o r d i n g   to  c l a i m   2 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   s e a l e d   t u b u l a r   member   ( 4 0 )  

c o m p r i s e s   a  t u b e   ( 4 4 ) ,   and  a  p a i r   of  end  p l u g s   (46 ,   4 8 )  

d i s p o s e d   on  and  s e a l i n g   t h e   o p p o s i t e   e n d s   of  s a i d   t u b e ,  

s a i d   w a l l   p o r t i o n   (50)   of  r e d u c e d   t h i c k n e s s   c o m p r i s i n g   a  

d i s c - l i k e   end  p o r t i o n   of  a t   l e a s t   one  (48)   of  s a i d   e n d  

p l u g s .  



4.  A  n u c l e a r   f u e l   a s s e m b l y   a c c o r d i n g   to  c l a i m  

1,  2  or  3,  c h a r a c t e r i z e d   in   t h a t   s a i d   t u b u l a r   member   ( 4 0 )  

i s   h e r m e t i c a l l y   s e a l e d   h a v i n g   a  p r e d e t e r m i n e d   e l e v a t e d  

i n i t i a l   i n t e r n a l   p r e s s u r e   s e l e c t e d   to  c a u s e   r u p t u r e   of  s a i d  

w a l l   r e g i o n   (50)   to  o c c u r   a t   a  p r e - k n o w n   t i m e   d u r i n g  

o p e r a t i o n   of  t h e   r e a c t o r   c o r e .  
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